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ABSTRACT
This researchwill exposethe changingtemperatureamplitude(Tmin-max)
includingitstrendpatternin Indonesia.Theadoptionoftrendanalysismethodand
comparisonanalysisto thevaluesof temperatureamplitudein 60AWS station
from1980-2007indicatesupwardtrendof annualmeantemperaturewithshorter
temperatureamplitude.This shortertemperatureamplitudeis characterizedby
annualmeantemperaturemaximaincreaselessthantherise of annualmean
temperatureminima.Data analysisfinds indication,i.e. the moreeastward
direction,thegreaterdifferenceof averageTmin-maxdeviation.Yet,thisresearch
failsto showwhatfactorscontributingto thechangingtemperatureamplitude.
Morein-depthresearchof thesefactorsatecologicalscalewill benecessaryas-
crucialpartin determiningadaptationprogramsto thison-goingclimatechange
phenomenon.
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INTRODUCTION
Themostglaringenvironmentalissuein early21st centuryundoubtedly
concernsaboutthewarmingsurfacetemperatureof Earthresultingin climate
change.Accordin.r.to IPee (2007)theaveragesurfacetemperatureof earthwas
warmerby 0.74 e from1906-2005.By endof 21stcentury,thistemperaturewill
constantlyriseat1.1- 6.4°e.As forIndonesia,forthelast100years,thesurface
temperaturehasbeenincreasingat0.10- 0.20°erange.
Theriseof atmospherictemperatureonEarthhaschangedclimateprocess
includingmoreintensiveevaporationprocessgeneratingmorevaporsforming
cloudsandrain.Thiscausesextremerainfallsconsistingofdownpoursinrelatively
longerperiod.Thisphenomenonis potentialforfloods,landslidesthatmayclaim
enormousmatvrialloBBandfatalities.
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Warmertemperaturealsoaffectsatmosphericpressureandair(wind)mass
movementpotentialto incitestormsandtyphoons.Thesenaturalphenomenamay
devastates ttlementi ftastmctureandfacilitiesandclaimlives.Recently,flood,
landslide,stormandtyphoonhavebeenroutinecatastrophesin manyregionsaround
theworldincludingIndonesiadespitevariationoffrequencyandseverity.
Long droughtcompoundedwith extremetemperaturewill incitegrave
forestfiressincemoreC02gasis concentratedin air.Thefireindeedcausesa lot
ofmaterialandimmaterialloss.
Theobviousimpactof temperaturerisepackedintoglobalclimatechange
issuebecomesthefocusofallcountriesworldwide.It is worriedthatthisimpactwill
disrupthelife onearth.Numerousinitiativeshavebeentakento copewiththe
impactsof climatechangeincludingmaximizingtheconsumptionof non-fossil
energyasalternativessuchasbio-fuel,windandtidalpoweredenergy,geothermal
andnuclearenergy.In addition,REDD ++(ReductionEmissionforDeforestation
andDegradation)programhasbeenintroducedparticularlyin thecountrieswith
vastforestareas.
Thisprogramis focusedoneffortstoreduceC02emissionasthesourceof
pollutantandto lesserC02concentrationi atmosphereby wayof intensifying
photosynthesisprocess.Apartfromsuchmitigationprogram,adaptationprogram
to thevariousimpactsof climatechangeis alsocarriedoutthroughtechnology
transferprogramandinstitutionalcapacitybuildingprogram.In manyglobal
agreements,adaptationprogramis specificallydirectedto the mostsuffered
communitiesof climatechange.Theyincludefarmers,fishingfarmersandother
poorpeople.
Basedon theassumptionthatthewidespreadmeteorologistdisastersin
Indonesiaremoreattributedtotheconstantlywarmingtemperature,it aisesaquestion.
Howisthecharacteristicof thiswarmingtemperatureviewedfromthechanging
maximumandminimumtemperatureamplituderange?Thisaspectis interestingto
investigatesinceanychangeoftemperatureamplituderangewill affectmetabolism
processanddisturborganismgrowthanddevelopment.In relativelylongterm,it
will decreaseproductivity.Unlessthisconditionisappropriatelydealtwith,theliving
balanceonearthwill bedisruptedandverylikelythattheentirelife in thisplanet
will gotoextinction.
In itspreliminarystage,thisresearchaimstoidentifythetrendpatternof
averagetemperatureandtemperatureamplitudechanges(Tmin-maJin Indonesia.The
findingofthisstudycanbeusedasinformationi investigatingtheadaptationcapacity
of livingcreaturesuchas plants,animalsandhumanbeingsas theresultof
temperatureriseandtemperatureamplituderangechange(Tmin-maxr nge)astole-
rablelimitforthesurvivaloforganism.
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THE METHODS
For this study,regionalapproachcoupledwith spatialanalysismethod
(geographicanalysis)andstatisticanalysisupporthavebeenadopted.
Temperaturedataof this studyis basedon directmeasurementusing
AutomaticWeatherStation(AWS)performedby MeteorologyClimatologyand
GeophysicsAgency(BMKG) in 60basicstationsfrom1980to 2007.Thebase
dataisthatofdailyminimumandmaximumtemperatures.
Basedataisprocessedtogetaveragemaximumtemperature(averageTmax)
andaverageminimumtemperature(averageTmin).As toTmin-maxr nge,it isderived
fromthedifferenceof averageTminandaverageTmax.Themonthlyrangevalueof
Tmin-maxisusedtocomputetheaveragemonthlyrangevalueofTmin-maxfor28years
(1980-2007).Dataof averageTmin,averageTmaxandaveragerangeTmin-maxfor28
yearsis thenprocessedintographs.Thetrendis testedtomeasureitssignificance
basedonatimeseriesdata.
Theadoptedtestingstatisticis Pearson'scorrelationcoefficientin viewof
slopeandsignificancel vel.
Temperaturedataisprocessedusingformula:
~X.
X =£...J Ir n
Where:
Xr =arithmeticmeanofdata
n =numberofdata
Xi = datatoi
A simpleregressionformula,inwhichy isaveragetemperatureandx denotesyear.
y =a +bx
(LY)(LX2) - (LX)(LXY)
a= 2
nLx2 - (LX)
n2;xy - (2;x)(2;y)b=
nLx2 - (Lx)
aisinitialconstantandb isregressioncoefficient.
To identifythechangeof T min-maxr ngeit is conductedby dividingdatainto3
(three)periodsofperiodI (1980-1989),periodII (1990-2000)andperiodIII (2000-
2007).Thepositionofaveragedistributionofeachperiodtotheotherperiodswill
beusedto identifythechangingtrendof T min.maxr nge.Identificationi AWS
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stationwithextremevalueis toidentifytheeffectsof latitudeposition,distanceto
coastline,elevationandslope.The distributionof AWS stationsusedin this
researchispresentedbelow.
Figure!.MapofAWSdistributioni Indonesia[BMKG,2007]
TheoryAppreciation
"Climatesarenotindefinitelystable".Thisstatementonclimatebyexperts
canbesimplyeluccallidatedhatclimateconditionsat local,regionalor globalscales
arebasictochange.Thetemporaryclimatechangepatternscanbeclassifiedbased
onshortcycle(50years),mediumcycle(200,000years)andlongcycleinmillion
years[Haggett,2001].
The phenomenonof climatechangein shortcycleis shownwith the
changingsurfacetemperatureof earthaccordingto temperaturedatarecordingin
UK ITom1680to1970(Fig.2).
84
ANALYSIS OF SOLIDWASTE Djoko Hannantyo
5C
Figure2.Annualmeantemperaturef om1680-1970incentralregionsofLondon
[Haggett,2001].
Fig.2 showsregularityintemperaturechangecyclepatternevery50years.
Thelowestemperaturewasrecordedinaroundyear1700andyear1900.As tothe
highesttemperature,itwasrecordedaroundyear1730and1930.
Climatecyclechangepatternsevery200,000yearsasillustratedin Figure3
showA1lerod,BorealandSubborealas sinklinandDryas,AtlanticandSub-
Atlanticasanticline.Cycleof 2,000,000yearsis indicatedbyprimaryinterglacial
cycle(iceage),i.e.Gunz,Mindel,RissandWurm,wherebetweentheseiceages
climatewiththecolletsandhottesttemperatureswereformed.
-,,
Fig.3.Changinginclimatecycle[Haggett,2001]
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Furtherperusalto Fig. 3 will raisequestion.Doestheon-goingwarming
temperatureon earthconstitutethebeginningof the fifth interglacialperiod?
Equatorregionsreceiveaveragelymoreintensifiedsunradiationthanregionsituated
inhigherlatitude,i.e.some900Gm.ca1.percm2[Trewarta,1954].
Accordingly,theseequatorialreaswill havelongersunexposuretime,i.e.
around12hoursperdayandmorewarmdaysin a year.In theglobalviews,
heatingthrough'radiativeforcing'raisesthetemperatureof theatmosphereuntil
radiationto spaceincreasesufficientlyto bringtheplanetbackintothermal
equilibrium.Accordingto Camilleri(2009,p. 258),theEarth'saveragesurface
temperaturehadincreasedbyabout0.76+/-0.19degreeC andsome70%of that
increasehadoccurredsince1950andwasattributabletohumanintervention.
Solarradiationfallingin thesurfaceof earthconsistsof shortwave
radiation,whichpartof itwill bereflectedbacktoatmospherebyearthintheform
of longwaveradiation.Thislongwaveradiationproducesensibleheatandcanbe
measuredastemperatureparameterin °c scaleLinacrein [Harmantyo,2009]using
thermometer.Theenergyof sensibleheatis notclassifiedaschemicalenergyof
photosynthesisprocessinplantsorradiationenergyorevaporatione ergy.
In troposphere(0- 10,000m abovesealevel),thehigherplacefromearth
surface,thelowertemperature.At airpressure1,000mbandtemperature20°C,the
temperaturewill decreaseby 4.4°c for every1,000mhigher,meanwhileatair
pressure600mbandtemperature20°Cthesurfacetemperaturewill dropby3.6°c
forevery1,000mhigher[Bruce,1966].Accordingto [San£(y,1987]surfacetem-
peraturein Indonesiawill decreaseby0.6°c forevery100mhigher.
Accordingto [Strahler,2003],temperaturechangeis subjecto insulation,
elevation,earthsurfucetype,coastandlandlocation,slopeandgreenhouseeffectin
atmosphere,a rosolofvolcanoes,changinglanduseandaerosoloftroposphere.
At microscale,thechangingtemperaturewill affectmetabolismreactionof
organismbody.Metabolismincreaseto temperatureis measuredwithtemperature
coefficientvalue(QlO)toidentifytheeffectof changingtemperatureto organism
developmentandgrowth[Mackenzie,2001].
BoxA. Temperatureandrateof enzymereaction.In ecothermsthemeta-
bolicrateis relativelyslowatlowtemperatureandmorerapidastheenvironment
becomewarmer.Endothermsbuffertheirinternalorgansfromfluctuationsin the
environmentalemperature,andhencedonotexhibitsucheffects.Theincreasein
metabolicratewithtemperaturecanbedescribedbytemperaturecoefficient(Q10)
whichisgivenby:
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MetabolicrateatbodytemperatureT degreeC
QI0=--- -------
Metabolicrateatbodytemperature(T-10)degreeC
Djoko Hannantyo
Thevalueofthecoefficientindicatestheincreaseinreactionratecausedby
a 10degreeC riseintemperature,andiscommonlyabout2.0,althoughtQI0 isnot
constantacrossall temperatures,showingdeviationstowardstheupperandlower
thennallimitsofanorganism.
Within the nonlethaltemperaturerangefor an ectotherm,the most
importanteffectoftemperatureis likelytobeitseffectontherateofdevelopment
andgrowthoftheorganism[Mackenzie,2001.p.47].
RESULTS AND DISCUSSION
Indonesiais situatedin equatoregion.As suchtheentireterritoriesof
Indonesiareceivesunradiationfor12hoursperdaywithmaximumtemperatureat
12.00am- 14.00pm andminimumtemperatureat03.00am- 05.00am.For the
dailytemperaturefluctuationpattern,seeFig.4.
DailyTemperatureFluctuation
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Figure.4.Dailytemperatureon6- 7May2010atill DepokStation.
Fig. 4 showsthatonday-to-daybasis.temperaturemaychangedynami-
cally.Itschangecausedbywindspeed.humidityandclouds.
Forvariationofdataonaveraget mperature.s ethefollowingtablebasedon
dataanalysisin 2 (two)samplestations.i e.Tabingstationof WestSumatrand
Tebatstationof SouthSumatra.Preferenceto thesetwostationsis attributedto
87
IndonesianJournal of Geography,Vol 43,No. I, June 2011 : 81 - 96
theirdifferentlocationsin termsof latitude,distancetocoastlineandslopedirec-
tion.Mostimportantly,theyhaverelativelycompletedata.
Table1.Annualmeantemperatureminima ndtemperaturemaxima
from1973-2008inTabingStation[BMKG,2009].
Year
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
Tmax
30.9
30.1
30.3
30.2
30.9
30.4
31.4
31.4
31.5
30.5
30.7
30.9
30.7
31
31.3
31.9
31
31.3
31.4
31.5
31.5
31.2
31.3
31.6
31.8
32.1
31.8
32
31.7
32.2
31.7
31.8
31
31
31
31
Tmin
23
22.8
22.5
22.1
22.7
22.5
21.9
22
21.4
22.2
23
21.7
21.6
21.2
21.5
22.2
22
22.1
22.2
21.5
22.1
21.7
22.5
21.8
22.1
22.8
21.8
21.8
21.8
21.7
22.6
21.9
22
22
23
22
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.Amuaa1meantemperaturemA~a from1973-2008atTabiDgstation
Figure5.Annualmeantemperaturemaximafrom1973-2008inTabingstation.
Irregularitiesin temporarypatternofaveragemaximumtemperaturechange
inFig.5indicatevariousfactorsaffectingtemperatureinTabingStation.
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Figure6.Annualmeantemperatureminimafrom1973-2008inTabingStation
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The changingof annualmeantemperatureminimain Fig. 6 is different
fromthatinFig.5.Theannualmeantemperaturemaximatendstorise,meanwhile
annualmeantemperatureminimashowsdownwardtrend.It meansthatthe
differenceof annualmeantemperaturemaximaandminima(Trnin-max)tTabing
stationtendstowiden.
Table2.Annualmeantemperaturemaximandtemperatureminimafrom1971-
2002atTebatStation[BMKG.2009].
Year
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
Tmax
29,9
30,4
29,8
30,4
30.7
30,5
30,8
30,4
30,7
31,1
31,1
31,2
31,4
31,6
31,4
31,6
T min(C
23.3
23,5
23,8
23,7
24,1
24,2
24,4
23.5
23,8
24,1
23,5
23,9
23,8
24,1
23.9
23,6
Year
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
Then,itis presentedinthegraphicalmodeloffig.7.
Tmax
31,7
31,4
30,7
31,3
31,1
31,9
31,7
32,1
31,7
31,4
31,2
31,4
31,3
31,4
31,1
31,4
T min(C
24,1
23,7
24,5
23.9
24,5
24,1
24,4
24,7
24,3
24,5
24,3
24,1
24,2
24,3
24,5
24,7
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Figure7.AnnualmeantemperaturemaximandminimaD:om1971-2002
atTebatStation
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Graphillustratingupwardtrendof annualmeantemperaturemaximaand
minimainTable2,asinFig.7 showsthatTmin- TmaxdeviationinTebatstationof
SouthSumatratendsunchangedfrom1973-2003.Thisis differentfromcondition
atTabingstationofWestSumatra.
Temperaturemin-maxDeviation
At variancewiththeabovesamplesof TabingstationandLabatstation,
dataanalysisof T min-maxdeviationin 60AWS stationsis madebydifferentiating
suchdatainto3 (three)periods,i.e.periodI (1980-1990),periodII (1990-2000)
andperiodIII (2000-2007).
The distributionpatternof Tmin-maxdeviationin 3 (three)periods IS
presentedin Fig. 8 thatfollows:
Distribution of annual mean deviation of Tmin -Tmax
in 1980-1990, 1990-2000, 2000-2007
..
.: #'.. . ,. .
: .::.. ..:.: t. ....., ,.. I ...".. ... .. .. . . .·JJ'.. · · ·.. .: . it.a a
10 20 30 40 50 60 70
No. station
Figure8.Distributionof meandeviationofTmiD-maxatperiodI (1980-1990),
PeriodII (1990-2000)andperiodIII (2000-2007).
ThedistributionofT miD-maxdeviationattheperiodI (blue)is showninthe
upperpartandthenfollowedbyrespectivelydistributionofdeviationattheperiod
II (red)andperiodIII (yellow)indicatingdownwardeviationchanges.
Fromthepositionofdeviationdistributionduringthethreeperiodsasillus-
tratedin Fig.8, it canbeconcludedthatin generalthedeviationrangeof annual
meantemperaturemaximandminimain Indonesiatendstoshorten.It impliesthat
despiteupwardtrends,theriseof minimumtemperatureis higherthanthatof
maximumtemperatureincrease.This is evidentfromthedistributionpatternsof
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annualmeandeviationof temperaturemaximaandminimaasdepictedrespectively
in Fig. 9 andFig.lO thatfollow.
Annualmeandeviationof Tminimain 1980-1990,
1990-2000,2000-2007
T~" minima
28
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21
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No.of station
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. 1990-2000
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80
Figure9,Distributionof annualmeandeviationoftemperatureminima
in periodI, II, III.
Annualmeandeviationof~ in 1980-1990,1990-2000,2000-2007
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FigurelO.Distributionfannualmeandeviationoftemperaturemaxima
inperiodI, II, III
Fig. 9 showsaveragemaximumtemperatured viationforperiodI distri-
butingintheupperlayerbecauseoftheirlargervalues.Then,respectivelyfollowed
bydeviationvaluesforperiodII andperiodIII distributedin lowerlayersdueto
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theirsmallervalues.Incontrast,averagemaximumtemperaturedeviationis illustrated
inFig.10.
Basedon theabovedistributionpatternof Ttnin-maxdeviationgenerally
speakingtemperatureamplitudein Indonesiafrom1980-2007is aspresentedin
graphicalmodelofFig.11.
Dl Dl>D2
1
o
.. Titne
Figure1!.Graphicalmodelofannualmeantemperatureminima-maxima
ftum1980-2007in Indonesia
Graphically,TntinandTmaxrangeandTtnin-max(D) differenceis indicatedin
Fig.11withthevalueofD1>D2.
Accordingtodataanalysis,it isobviousthatoeastwardtheriseofaverage
minimumtemperaturet ndsto behigher.Accordingly,thedifferenceof l'ntin-max
deviationgetSgreatertowardeastward(seefig.12).
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Figurel2.GeneralpatternofthedifferenceofT min-maxdeviation
fromthewestotheeasternpart.
Fromecologywise,thischangingtemperatureamplitudewill affectthe
metabolismprocessof livingorganismdueto thechangingtolerablelimitsto
externaltemperaturechange.Thetroubledmetabolismprocesswill generateeffect
toproductivity.
Any changein productivity,especiallyin agricultureplantsandlivestocks
will haveinfluenceoverfoodresiliencecapacityat farmerlevel,andin turnat
nationalscale.
CONCLUSION
Thecalculationproducesincreaseof annualmeantemperaturein Indonesiais
around0.01- 0.20Cfrom1980-2007.It is stillatthelowestlevelsinceatglobal
scaletemperatureispredictedtoriseat0.76+/-0.190Crangeafter1950.
TemperatureamplituderangebetweenT minandT maxfrom1980-2007is
diminishingbecauseof minimumtemperaturechangerateoutpacingtherateof
maximumtemperaturechange.Owingtovariousclimatecontrolfactors,thisstudy
failsto revealwhatatmospheredynamicscausingtheloweringof suchamplitude
range.This researchfails to showwhatfactorscontributingto the changing
temperatureamplitude.
Morein-depthresearchofthesefactorsatecologicalscalewill benecessary
ascrucialpartindeterminingadaptationprogramstothison-goingclimatechange
phenomenon.
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In lightof foregoing,in-depthresearchon temperaturechangeincluding
comprehensiveobservationanddataanalysisshouldbe carriedout in more
continualandaccuratebasis.It is thereforedeemednecessaryto addclimate
measuringtoolsinautomaticsystems(AWS)throughoutIndonesia.
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